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T4E PURIFYING EFFECT OF RAIN IN FREEILG THE SOIL OF
LaTHRAZ SPORZS

Ned. Ind. Bl. Diregencesk, By H. lLuitema
55, 1940, pp 211-21G Government Veterinarian in Batavia

(Report presented to the Royal Serum Institute at Rotter-
dam, then uwader the direction of Dr. H. E. Reeser.)

In connection with the fact thai- during the occupation
years and shortly thereafter anthrax was able to spread on
a number of the small Soenda islands, such as Soemba, Soembawa,
and Timor, the question occurred to me vhether one could find
out how long the soil on which animals suflferin: froa anthrax
have deposited their excreta (dung, urine, blood) remains con-
taminated and to wkhat extent climatologiczl influences affect
the presence of antarex spci-as and/or bacteria in the uppermost
layer of soil or on tae surface, where they can be picked up by

8.

It was lmowa from thec course of the erizootics on Timor
that the occurrence and spread of the disease tuok place chief-
ly in the second half of the dry season and the beginning of
the rainy sezzon. On Sgvoe, which is very dry, there was an
outbreak, gquicl:ly overcome by the way, in August 1946, but on
that island the dry sezson was then quite far advanced. That
the monsoon exerts an influence on the course of the epizootic
can surely be assumed for those regions.

In the Netherlands and elsewhere a connection has long
been assumed between the occurrence of anthrax and the level of
the ground wvater. Kuipers sav the disease completely disappear,
in a district where it had prevailed among the cattle for a long
time, after the draining of a polder, which caused the ground
vater to drop. In Russia, in a study puolished in 1933,
Pokshe.:ikhevciziy and Golovin treated anthirax as a soil epizootic.
They reported that it appeared froz tiheir irvestigation thet o
cuavavinary infection finds vie most favorable coadivions for 13Us
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develonment in coil shat is rich in organie substances and tant
is sufficiently moist. ver drainage projects are zccompliclhcd
the s0il usually becomes free of anthra: gerns. Vestern zurose
may serve &s an example, where as a r:sult of drainage and the
lowering of the ground vater level anthraox as a stationary dis-
ease nas completely disaprezred. 3ut this scneral prineiple,
which is usually simply zeken ac 2 2act, oxiincrily finds ug
eéxperimental explanzticn. The authors mcavioned, after tieir
investigaetion, which apart from study of the statisticzl data
comprised investigation of the pE of itke soil, the soil moisture,
the soil tewperature ard the precipitation (%he last two items
beinz obtained from the meteoroloziczl instituie), and & basscri-
ologic.l study, came to the following hypothnesis:

"When the germs multiply greatly the soil absorbs decom-
position products of the vegetative forms of anthrax, and these
are adsorbed to soil particles and have a retarding effect ox
the process of further multiplicatica of itae soil bacsteria, just
as e.g. no further multiplication can take place in the filtrate
of very old cultures. For the future only a certain reserve of
highly resistant spores remains in the soil."

The possibility does not seem to be ruled out that in
Indonesia, where there are many porous types of soil with a
very low humus content, and where the heavy rains meke the down-
ward movement of the water much more pronounced than in Europe,
the process is different, and the soil is cleansed of anthrax
spores by being washed out, so0 to speak.

With this in mind an attempt has been made to imitate in
vitro the downward movement of the water and to study what in~
fluence this exeris on anthrax spores present in the soil. As
influences other than mechenical had to be excluded, the work
was always done with sterilized soil and sterile water.

For safety reasons, in this investigetion a non-virulent
but completely viable anthrax strein was used which originally
came from South Africa and which is also used for the vaccine
with which many tens of thousands of animals are immunized in
this country and elsewhere.

Seven agar tubes inoculated with this strain were incu-
bated for three days at 37° C and afterwards kept for four days
at room temperature (+ 15° C), At the end of that time sporula-
tion appeared to be about 3/4 complete. The spores were washed
out with a physiological NaCl solution and a very thick suspen-
sion obtained in that way.

A number of test tubes were now made leaky by heating
the lower end red hot and blowing a hole in it. The opening
nade was + 2 mm in diameter. A bit of sterile gauge was laid
over it to prevent the soil from getiing out.
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In the tubes wvas put:

Tude I ecnd to a denth of 2 em (22}
Qube II sand to a depth o2 4 ca (Z4$
Tuvbe III garden mold to a cdepth of 2 cn éTZ)
ube 1V gerden mold to a cepvh o2 4 en (24
e V infusorial earta t0 2 ceptkh of 2 ez (I2
Tube VI infusorial earta to a dcovh o 4 cm 214

On the earth (zand, garden rolé, and inf. earth) wes put four
crops ol the znore suspension. e tuves were set in Zrlenmeyver
Ilas«s and Tixed in tne nzck of the flasis wi i a layer ¢ cot-
tcr vodd, but in suea & way that vae ‘ubes could Le reailly
TiAlln fav.  Tacse Lrlicameyers served 10 catck the moisture that
Ariplca TATOUS L.

Rain wvas initated by dripping a cuantity of sterile
(toiled and ccoled) water into the tubes, the quantity corre-
sponding to0 5 cm of raizfall. (For the tubes 07 14 mm diameter
this was 7.7 cc, for those of 15 mm diameter, 8.85 cc.)

sTier the water had filtered tharough, one loopful of it
vas inoculated on ager (filirate 1 = F1). This gave the follow-
ing result:

Fl1 Z2 + abundant growth, colonies almost joined.

gi gg I comevhat less abundant growtn than F1 Z2, but not much
FL ™4 + iZference among themselves.
1l 12 -

F1 I4 + 4 colonies.

The colonies were typical eniaraz colornies, viewed either
with the naked eye or with the magnifying gless (iledusa locks).
A8 a control a stireak preparation stained with Giemsa was ex-
emined, so that it was absolutely establis..cd that in fact an-~
thrax spores had been present in the filtrate. From Fl1 I2
another inoculatioa was done, this time with 2 larger quantity,
viz. 3 loopful:. This produced a growth of 20 colonies.

The conclusion could be drawn that sand, garden mold, and
infusorial earth are pervious to spores, and that inlusorial
earth worked as a filter better than garden mold and sand.

It was now the intention to investigate wiether repeated
flushing could make the earth free of anthrax spores. The
flushing was therefore repeated with the same quantities of
water with the following result. (F2 22 = 2nd filtrate through
e layer of sand 2 cm thick, ete.)

Fz 22 +
224 + All these showed abundant growth.
F2 72 +
F2 T4 +




P2 12 + A few colonies.
F2 I4 + Abundant growth.

Since the water ran throush the infusorial earth very
slowly and this caused delay in cornducting the experizmens, we
proceeded from this point only with s0il and sand.

) We continued washing 22, Z4, T2, and T4 and inoculated
with F3 to F18 inclusive; this las?{ represents the filtrate af-
ter a total rainfall of 90 cm.

Inoculation with a loopful of filtrate from the last drop
t0 run throush after each ariificial shower always produced an
abundan: growth on agar. The conclusion could o2e drawn fren
this that a rainfall of 92 cn, which is more than the averzaze
annual rainfal in the Notherlands, is not capable of getting rid
of all spores present in a layer of sand 2 cm thick.

The tests were now repeated with grecter quantiities of
water and only with 2 cu of sand as a2 filter. .n entirely dif-
ferent tube was also used here. 4 test tube was melted to a
conical shape and provided with a very small opening. Che bit
of sterile gauce could now be dispensed with, since the sand
could not run out througn the fin2opening.

We worked with artificial shovers equivalent to 75 cn.
Inoculation was again done with a loopful taken from the last
drop to run through after each shower. The result of the inocu-
lations was as follows:

Fl1 (after 75 cm of rain) 22 + + 60 colonies.
P2 w 150 %" ® " Z2 + 5 colonies.
F3 n 205 n [] " 22 -
P4 2 w300 m o M 22 -
75 L4 375 a n S 22 -

In the filtrate derived from the last three showers, then,
no anthrax spores showed up, —— at least not with the method
used.

The presumption was now that a quantity of rain between
150 and 225 cm was sufficient to eliminate all anthrax spores
from a layer of sand 2 cm thick. As a check, inoculations were
done from the sand itself. This produced a strong growth on
agar. There were thus plenty of anthrax spores left in the ‘sand,
and the sbove presumption turaned out to be quite incorrect.

It might be concluded that a part of the spores had been
carried away by the water, but that another part had remained
behind in the sand and was held so firmly by it that no spores
showed up in the filtrate with the method used.

The last experiment was repeated in a somewhat different
manner. Om a layer of esand 2 cm thick three drops of spore
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suspension Wes pul Qowa. La arvificiel rain ¢f 37.5 cn of
vater each tize ves supplied. 4s defors, the last dron trick-
ling throuzh after ecach szower wac used Tor inoculatiocn. At
the same time, however, an inocuwiation was done “rom the sand
itself, the sand being svirrced a litile wita the wire loop.

—— —noculavicn from the Jiltraic is renrccented hy Fl to
#13 %nclusive, Inoculation Iroz tae sand Sy GL Yo (i3 inclus-
ive (G = zemenzy [mixed, stirred]).

:~‘15 (afzer ?’;5 cz of rain) a great many colonies; 3l cozpletely overgrown.
F " " " " - l 4 " :2 " "

:\3 n :;2‘5 " " " o 60 " 33 o 1]

DL o150 mow o Tog " 34 " "

ES " 182.5 "o "2 e " G5 a great many colonies.
3 6 " 223 w " " 2 n a 6 " " (] "

77 vo262,5 0 v " 3 " G7 cozpletely overzrown.
Fa " 300 " ” " i So " Gs " n

:.‘ " ‘3'37 . 5 [1] " ”" 2 L] G9 ” "

Flo " 375 [1] " " 2 " lo (1] "

Fll ”n 412 . 5 n " " 9 ” Gll " ”

Flz " 450 " " n 7 L] Gl2 " ]

F13 L] 487 - 5 " " " 9 " G13 " L}

It appears from this tazt a nuzber of spores are carried
along by the vater that is sireaming through. 4 very great
nunber, however, stick very fast to the grains of sand and are
not washed away even by very grezc quantities of water (corre-
snponding to a total rainfall in seven years in tae Netherlands).
The mechanical effect o rain can therefore only be slight with
regard to freeing the top layer of soil from anthrax spores.
That in this test, in contrast to the preceding test, the inocu-~
lations from thne filtrate aluvays turned out positive (although
the number of colonies generated amounted in one case to only
two) can be expleined by the fact that in the process of inocu-
lation from the sand a nurzter of spores were jarred loose from
the grains of sand to which they had attached themselves, so
that these spores could be carried along with the water and
showed up in the filtrate.

/n experiment was then set up to find out whether the
very topmoat layer of sand could be freed of spores.

Into a test tube thaza: had been made leaky a layer of
sand 5.5 cm in depth was poured in. Three drops of the same
sacc suspension was put on this sand. The artificial rain
consicted ¢ five showers of 60 cm each. After each saower an
iasculavion was done just from the to)most layer of sand. The
veault was as Zollows. Inoculation from the surface is repre-
cented by 01 to 05 inclusive.




Y

Ol (after 60 cm of ra%n very coundant growth.
1] " 1

02 . n 120 ¢ "

03 " 180 " 1 (1} " n "
04 g 1] 240 % " 1] " " "
05 ( " 300 1] ] L] " " "

It thus appeared that even 300 cm of raiz was not capatle
of making the surface free oI spores.

To find out to what extent a dlZference may exist beiweexn
snores and bacter.a, some filiircilon tests vere made witn nog
cnol.=a bacteria. Zog cholera bacteria were crosen for this
beczuse they show no motion whatever amd hog cholerz is rezerd-
ed ag a 301l Cizeace.

A suspension 0f hog cholera bactieria was obiained by
centrifuginrz & broth culiure and uasling oul the sediment with
physiological NaCl solution. TLis was redeated taree times, s0
that it could be assumed that the susnension contaized little
else than hog cholera bacteria end daysiologiczl iaCl soiutiea.

48 2 control zn inoculavion with this susnension wis done
on serum agar, which showed thzi no contaminziion was present.
In tae same way as bad been cone with enthrzx spores, the bac-
teria suspension was applied drop vy drop to the sand layer in
a test tube that k. d been mzade leaky at the boisom. Vater was
dripped on the sand oy means of a dureite and an inoculation
done with the moisture that raen througa. These artiiicial
showers were chosen of such a Size that each quantity of water
applied corresponded to a rainfalil of 7.5 ca.

P again represents inoculation with the last drop to run
througa after eaca shousr. Tae outcome was as followa:

Fl (after 7.5 cm of rain) Fair number of colonies grown.
" l n L] i "

r2 5 Lerge ] " n

3 " 22.5 : : : A few colon.es grown.
” T,

By oot oL de s

P6 w45 w0 : A few colonies developed.
" " "

i syl L dosonn

P9 [ ] 67.5 " n (] " ]

rlo n 75 ] n " 1] "

After this inoculations were done not only from the fil-
trate but also from the surface of the send. This is represent-
ed by 0. Ol is the first inoculation from the surface, which
was done after the passage of 75 cm of rain through the layer
of sand. Tae quantity of water was set higher from here on, 80
that each shower corresponded to 25 cm of rainfall. The out-
come of the inoculations was as follows:
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cl 75 c= rain) a great zzny coloaics.
F11 (after 102 cz rair) no growta; C2 130 ez " ) many colonies grown.
Flz ( " 125 cm " ) ” " 03 l:s c: " ) n ” ”
F13 ( u 150 ca ) " " 0 150 o " ) n ] ”

It thus espezred thet a m
T3 away by tae weter, Lut Tiiod
Vo BLe .G, dienc 3
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—Ong wita rizing grouad waver.

oscd to occur fre-

n notwre rising ground water is supzs
ner places reac.ues a

cuentl,, for instance wnen water from kig
basin-shaped uiv o1 terrain.
A %tube was ~clted znd vent in such a way that it coasisted
o . - . N ¥
of tuo legs, joined et the bottou by a narrcv connecting pilecc.
gn 7ne lez (A) was placed a layer of sterile cund to a Gepth of
1l/2 cn.

-le

In %ke other leg (B) turee crons of cuthrzi-Spore suspen-
sion vas drodped. This taus reached i@ boiticn ¢l the sand via
tae connceting picce. In leg 3 sucu an szount ol vater was then
dripned in that the water rising im leg & could jucst moisten the
surfzc > of the 3and (princinle of cor=unicating vessels). Inoc-
ulet vere thea done froa the moist surlace of the cand.

The .. ..Jure seeping up from below apzeared to ve very rich in
anthrax spores.

This experiuen’ was repeated wita somewhat thicker layers
of sand and gard.n Lold, namely

Szrd layer:z of 4, 6, and 8 cm cepth and
Leyers of garden molé of 4, 5, end 8 cm depth.

The ouicome was alwsys the same, namely thet a number of
anthrax spores could alwvays be found in the moisture ihat
seeped up.

Beczuce of my éeparture frou the Hetherlands this experi-
nent could not be continued, so that it did not become known
how deep the layer of sand, garden mold, or infusoriasl earth
must be to prevent the anthrax spores from reaching the surface.

From tae seepage tests it appeared that although the soil
holds & certain numver of spores, it still lets a number through.
The smaller he number of spores the greater the chance will be
taat thoy will get caught somewhere and not be carrieéd furthor
by the rising oxr falling water, and the greater ihe nunber of
spore3 present tXe greater the chance taat finzlly soue will
¢.3. in the case of rising water reach the surface. Auong
o.cr taings it appearcd from the experiments of the Russian

iavestizosors mentioned earlier that under favorable circwuastances

& 40 tcmperature, 0O, moilture conventy, and the prescnce oF
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organic matter nultinlicztion oy ansaresx germs cen talke place
in the soil. I tlose Zavorable circumctances prevail, taen
because of the multiplication of the number of germs the chance
is greater still that of this lorger nunber 2 certain part will
reacn the surface with ricing water. It is glso conceivadlz
that this ar-ival zt tle swrface of the ground may only coze to
pass after the water has risen several tises. If e.g. an*iraz
8pores are present alt a dcoth o 25 ez, then it is »ossible
that with rising water some will ccme v» 10 cm higaer. If o
that level avter the vater gces ¢ova tae circumstances {teapera-
ture, 0p, and humus) are favorable, then mulsiplication will
take place, and wica the waver rises cgain a pert of tae geros
will come loose and rige z bii higher. It iz ihus conceivable
that seveoal periods of high water beiween waich lie periods

of favorable weather for tae multiplication o2 anthrsx germs
will finally cause thece germs 0 be _reseat in the upper-- -t
layer of soil and on the surface, vhere they cun be pickc. .
by catile.

The posc.dle correctness of this line of thouzht should
be checked in tae laboratory by effectiang a rise of water in
leg 4 02 the tube descrived (vaich in this case must be long
enougn to contain a layer of earth thick enough to serve as an
adequate filter, at least for c..e passage of water), placing
the apparatus in a nutrient mediun, and later again effecting
the rise of water, and testing waether or not afier repetition
of the rising of the water, followed by placing in the nutrient
?:g;um. the anthrax germs will finally show up in the uppermost

er of soil.

Summary [printed in Dutch and English]

77" An attenpt hae-been made in several experiments to imi-
tate in vitro the influence of descending and rising water
(rainfall) on anthrax spores in the soil. The result is that
although a part of the total quantity of spores was washed out,
8till a considerzble number, even after an artificial rain cor-
responding to tiae naturel rainfall of several years in the
Netherlands, could be detected in the surface layers. These
apores seemed fairly strongly attached to the soll particles.

The conjecture is expressed that when the ci:cumstances
are favorable for multiplication of anthrax germs in the soil,
a repeated rising of water will bring the germs to the surface
even when a single rising is not sufficient to do so.
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